Abstract
Introduction

34
Plant pigments and variations in their concentrations can be correlated to the state of vegetation during In this study we assessed the seasonal changes in colouration and the spectral response to these changes 84 for two Tecticornia species from the Fortescue Marsh, the largest inland marsh of the Pilbara region in min, isocratic at 0% A for 3 min, and then from 0% to 100% A in 5 min. Total run time was 60 min at a 149 flow rate of 1 mL/min. All further parameters of the HPLC-DAD-MS n system were set as previously In order to find an index which best estimated pigment concentration across seasons and species, the wavelengths for NIR and red and it has also been used with broadband sensors (Table S1 ). 
Statistical analysis
211
Pigment concentrations and spectral values were compared between dates and species using a repeated 212 measures analysis (Littell et al. 1996 ) which was performed using the Pro-Mixed program from SAS 213 (1999). In all cases we used a significance level of P <0.05.
215
Results
216
Identification of Tecticornia sp. betacyanins by HPLC-DAD-MS n 217
In both T. indica and T. auriculata, an identical set of compounds with betacyanin-specific absorption properties was detected by HPLC-DAD-MS n (Fig. 2) . Identification of amaranthine (1), isoamaranthine
219
(2), betanine (3), and isobetanine (4) in Tecticornia samples was accomplished by comparing retention 220 times, UV/Vis absorption and mass spectra ( nine times in both species (Fig. 3, P<0 .001) from the end of the wet summer (March) to the end of the 243 dry winter (August), while plant colour changed from green to red-pinkish (Fig S2) . No significant 244 differences in betacyanin concentrations were detected between species (P=0.53, Fig. 3 ). For T. indica,
245
betacyanin concentration was higher during July and then declined significantly towards the end of
246
August. In T. auriculata betacyanin concentration continued to increase until the end of the dry season, 247 although the differences between July and August were not statistically significant (P=0.22, Fig. 3 ).
248
Contrary to betacyanin concentrations, chlorophyll concentrations were significantly higher during (Table S1) .
270
Regarding chlorophylls, the pattern was very similar to that observed for betacyanins but with opposite 271 sign (Fig. 5) . The highest correlation (r=0.809) with chlorophyll was found for a normalised index using concentration (Fig. 4) . The parameters a 0 , a 1 and a 2 for this model were 0.309, -0.160 and -2.373 The regression between the observed and the predicted betacyanin concentration using the normalized 309 ratio 606/621 and measured chlorophyll concentration showed a good fit (r 2 0.67, Fig 7) , suggesting a 310 potential and reliable use of this method to estimate this pigment via remote sensing. same improved accuracy could be achieved using spectrally estimated chlorophyll concentrations.
321
Chlorophyll was estimated using the wavelengths 726 and 737 nm (Fig. 5) and then used to fit Equation 2. The parameters a 0 , a 1 and a 2 were 0.309, -0.160 and -2.373, and the r 2 for the regression was 0.64 323 (Fig. S2) , almost as good as in the model using measured chlorophyll concentrations. Thus, both 324 pigments, chlorophyll and betacyanin, can be simultaneously spectrally detected using the models and 325 the wavelengths presented here. these indices showed a weak correlation with betacyanins in the two Tecticornia species (Table S1) .
357
Due to the prominence of betacyanins in Tecticornia shoot tissues, the new proposed index detects 358 seasonal pigment changes more accurately than those other two existing indices. 
